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WKHUPDO OLPLW RI WKH GHYLFHV DQG PD\ FDXVH IDWDO GDPDJH >+RQJ HW DO @ 3RO\PHUV DUH EHLQJ XWLOL]HG E\
PLFURHOHFWURQLFV LQGXVWULHV HDUOLHU EXW EHFDXVH RI WKHLU ORZ WKHUPDO FRQGXFWLYLW\ WKH\ DUH EHFRPLQJ VHFRQGDU\
FKRLFH IRU VXFK DSSOLFDWLRQV %HWWHU SURSHUWLHV DUH UHTXLUHG VXFK DV KLJK WKHUPDO FRQGXFWLYLW\ ORZ&7( DQG ORZ
GLHOHFWULFFRQVWDQWIRUVXFKDSSOLFDWLRQE\YDULRXVSRO\PHUV>/XDQG;X:HLQGHQIHOOHUHWDO@
7RHIIHFWLYHO\VROYHWKHWKHUPDOGLVVLSDWLRQSUREOHPDGGLWLRQRIGLIIHUHQWILOOHUVLQSRO\PHULFPDWULFHVKDVEHHQ
LQYHVWLJDWHG0HWDOVDQGFDUERQ ILEUHV IRUH[DPSOHDUHZLGHO\XVHGDV ILOOHUV >6RILDQHW DO%U\QLQJHW DO
@ WRLPSURYHWKHUPDOFRQGXFWLYLW\WKRXJKWKH\DUHXQVXLWDEOHIRUWKHVHDSSOLFDWLRQGXHWRWKHLUKLJKHOHFWULFDO
FRQGXFWLYLW\ $ EDODQFH LV UHTXLUHG WKDW PD[LPL]HV WKH WKHUPDO GLVVLSDWLRQ HIIHFW RI WKH HOHFWULFDOO\ LQVXODWLQJ
PRXOGLQJ FRPSRXQG ZKLOH DFKLHYLQJ VXSHULRU GHYLFH SHUIRUPDQFH &HUDPLF SDUWLFOHV ILOOHG SRO\PHU PDWUL[
FRPSRVLWHV DUH WKXV EHFRPLQJ DWWUDFWLYH FDQGLGDWHV LQ WKLV DUHD EHFDXVH WKH\ FDQ SURYLGH WKH UHTXLUHG WKHUPDO
FRQGXFWLYLW\ ZKLOH PDLQWDLQLQJ D GHVLUHG HOHFWULFDO LQVXODWLRQ SURSHUW\ 6RPH SURPLVLQJ FHUDPLF ILOOHUV VXFK DV
$O2 DQG=Q2>6LPHWDO@6L&>=KRXHWDO@$O1>2KDVKLHWDO@DQG%1>=KRXHWDO@DUH






REWDLQHGE\HVWDEOLVKHG WKHRUHWLFDOFRUUHODWLRQV >.XPOXWDV DQG7DYPDQ0D[ZHOO%UXJJHPDQ
/HZLVDQG1LHOVHQ@DQGDOVRZLWKWKHYDOXHVREWDLQHGIURPWKHPRGHOSURSRVHGE\WKHDXWKRUV>$JUDZDODQG
6DWDSDWK\ @ LQ WKHLU HDUOLHU ZRUN (IIHFW RI ILOOHU FRQFHQWUDWLRQ RQ RWKHU SURSHUWLHV OLNH GHQVLW\ &7( JODVV
WUDQVLWLRQWHPSHUDWXUHDQGGLHOHFWULFFRQVWDQWDUH DOVRVWXGLHGDORQJZLWKPRUSKRORJ\RIIDEULFDWHGVSHFLPHQV
 0RGHOVIRUHIIHFWLYHWKHUPDOFRQGXFWLYLW\IRUFRPSRVLWHV
7RSUHGLFW WKH HIIHFWLYH WKHUPDO FRQGXFWLYLW\ RI FRPSRVLWHPDWHULDOV VHYHUDO WKHRUHWLFDO DQG HPSLULFDOPRGHOV






7KH FRUUHODWLRQV SUHVHQWHG E\ (TV  DQG  DUH GHULYHG RQ WKH EDVLV RI WKH 5XOHVRIPL[WXUH  0D[ZHOO





ZLWKHDFKRWKHU$QRWKHUPRGHOZKLFKFDQDOVREHXVHG IRUSUHGLFWLQJ WKH NHII LV%UXJJHPDQPRGHO >%UXJJHPDQ
@
  IISIHII NNN II  















































LV %LVSKHQRO$'LJO\FLG\O(WKHU ,W LV XVHG ZLWK LWV FRUUHVSRQGLQJ KDUGHQHU +<  (SR[\ LV FKRVHQ SULPDULO\
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GLIIHUHQW FRPSRVLWLRQV7KH URRP WHPSHUDWXUH FXULQJ HSR[\ UHVLQ DQG WKH FRUUHVSRQGLQJKDUGHQHU DUHPL[HG LQ D




DV WRJHWGLVF W\SHF\OLQGULFDOVSHFLPHQVGLDPHWHUPP WKLFNQHVVPPDQGGLDPHWHUPP WKLFNQHVV
PP &RPSRVLWHV RIGLIIHUHQWFRPSRVLWLRQVZLWK $O2 FRQWHQWUDQJLQJIURPYROWRYRODUH SUHSDUHG
DVVKRZQLQWDEOH
7DEOH/LVWRIFRPSRVLWHVIDEULFDWHGE\KDQGOD\XSWHFKQLTXH


















7KH GHQVLW\ RI HSR[\ EDVHG FRPSRVLWHV LV PHDVXUHG E\ WKH $UFKLPHGHV SULQFLSOH XVLQJ GLVWLOOHG ZDWHU DV D
PHGLXP$FFRUGLQJWR$UFKLPHGHVSULQFLSOHZKHQDQREMHFWLVLPPHUVHGLQDOLTXLGWKHDSSDUHQWORVVRIZHLJKWRI
DQREMHFW LV HTXDO WR WKHXSWKUXVWDQG WKLV LV DOVRHTXDO WR WKHZHLJKWRI WKH OLTXLGGLVSODFHG6R LIGHQVLW\RI WKH
OLTXLG LVNQRZQDQG WKHYROXPHRI WKH OLTXLGGLVSODFHG LVPHDVXUHG WKHDSSDUHQW ORVVRIZHLJKW LVFDOFXODWHGDQG
KHQFHGHQVLW\RIWKHFRPSRVLWHFDQEHREWDLQHG
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 7KHUPDOFRQGXFWLYLW\PHDVXUHPHQW
8QLWKHUP 0RGHO  LV XVHG WR PHDVXUH WKHUPDO FRQGXFWLYLW\ RI D YDULHW\ RI PDWHULDOV 7KHVH LQFOXGH
SRO\PHUVFHUDPLFVFRPSRVLWHVJODVVHVUXEEHUVDQGVRPHRWKHUPDWHULDOVRIORZWRPHGLXPWKHUPDOFRQGXFWLYLW\
7KH WHVWVDUHGRQH LQDFFRUGDQFHZLWK$670(VWDQGDUG&LUFXODUVDPSOHRIPPGLDPHWHUDQGPPRI
WKLFNQHVVZLWK IODW VXUIDFHRQERWK VLGH DUHXVHG IRU WKHPHDVXUHPHQW7KLV LQVWUXPHQWZRUNVRQ WKHSULQFLSOHRI
JXDUGHGKHDWIORZPHWHUWHVWPHWKRG
 7KHUPDOPHFKDQLFDODQDO\VLV





'LHOHFWULF FRQVWDQWPHDVXUHPHQWV DUH WDNHQ RQ D+LRNL +L7HVWHU /&5 DQDO\]HU ZLWK DQ DSSOLHG$&
YROWDJHRIP9LQWKHIUHTXHQF\UDQJHN+]±0+]7KHXVHG VDPSOHVDUHGLVFVKDSHGRIPPGLDPHWHUDQG













7KHVFDQQLQJHOHFWURQPLFURVFRS\RI WKHILOOHUSDUWLFOHVDQG WKHFRPSRVLWHVXUIDFHVDUH WDNHQDQGVRPHW\SLFDO
6(0LPDJHVDUHSUHVHQWHGLQ)LJXUH)LJXUHDUHYHDOVWKHVSKHULFDOVKDSHRIWKH $O2 SDUWLFOHVZKLFKDUHLQWKH
VL]H UDQJH RI  ȝP WR  ȝP )LJXUH E VKRZV WKH PRUSKRORJ\ RI D W\SLFDO FURVV VHFWLRQ RI HSR[\ $O2
FRPSRVLWH7KLV LPDJH LV IRU WKHFRPSRVLWHZLWK $O2 FRQWHQWRIYRO )URP LPDJHV LW LV FOHDU WKDW WKHUH LV
DOPRVWKRPRJHQHRXVGLVSHUVLRQRIPLFURVL]HG$O2 SDUWLFOHLQ WKHHSR[\UHVLQ
)LJ7KH6(0PLFURJUDSKVRID$O2 SRZGHUE(SR[\$O2 FRPSRVLWH
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 'HQVLW\
7KH GHQVLW\ RI FRPSRVLWHPDWHULDOV GHSHQGV RQ WKH GHQVLWLHV RI WKH FRQVWLWXHQW FRPSRQHQWV DQG DOVR RQ WKHLU
UHVSHFWLYHYROXPH SHUFHQWDJH7KHGHQVLW\ LVPHDVXUHGXVLQJ$UFKLPHGHVPHWKRGDQGFRPSDUHGZLWK WKH UXOHRI
PL[WXUHPRGHO>5DPDMRHWDO@ZKLFKLVJLYHQDV
  PIIIF UIUIU   
ZKHUH ȡ DQG ĭ DUHWKHGHQVLW\DQGYROXPHIUDFWLRQVXIIL[ F I DQG P UHSUHVHQWVWKHFRPSRVLWHILOOHUDQGPDWUL[
PDWHULDO 7KH GHQVLW\ RI QHDW HSR[\ LV PHDVXUHG E\ $UFKLPHGHV PHWKRG DUH IRXQG WR EH  JFP /DWHU WKH
GHQVLWLHV RI IDEULFDWHG FRPSRVLWHV DUH DOVR PHDVXUHG E\ WKH VDPH PHWKRG )LJ  GHSLFWV WKH PHDVXUHG DQG
WKHRUHWLFDOGHQVLWLHVRIHSR[\$O2 IRUGLIIHUHQWYROXPHIUDFWLRQRI$O2 ,WLVVHHQIURP)LJWKDWWKHGHQVLWLHVRI



















    
    
    
    




















523 Alok Agrawal and Alok Satapathy /  Procedia Materials Science  5 ( 2014 )  517 – 526 
 7KHUPDO FRQGXFWLYLW\
7KHWKHUPDOFRQGXFWLYLWLHVRIHSR[\FRPSRVLWH ILOOHGZLWK $O2 IRUILOOHUYROXPHIUDFWLRQUDQJLQJIURPWR
DUHVKRZQLQ)LJ7KHILJXUHVKRZV WKHYDOXHRI WKHUPDOFRQGXFWLYLW\FDOFXODWHGIURPYDULRXVHVWDEOLVKHG
WKHRUHWLFDOPRGHO DQG WKHYDOXHREWDLQHG IURP WKHPDWKHPDWLFDOPRGHO SURSRVHGE\ DXWKRUV LQ WKHLU HDUOLHUZRUN
WRJHWKHUZLWKWKHH[SHULPHQWDOO\PHDVXUHGYDOXHV
)LJ9DULDWLRQRIHIIHFWLYHWKHUPDOFRQGXFWLYLW\ZLWKYROXPHIUDFWLRQRI$O2 ILOOHUV
,W LV HYLGHQW IURP WKH ILJXUH WKDW WKHUH LV DSSUHFLDEOH LQFUHDVH LQ WKHUPDO FRQGXFWLYLW\ DV WKH FRQFHQWUDWLRQ RI











































    
    
    
    
    
    
  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 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7KLVLVEHFDXVHDVWKHILOOHUORDGLQJLQFUHDVHVEH\RQGFHUWDLQYDOXH WKHSDUWLFOHEHJLQVWRWRXFKHDFKRWKHUDQG
IRUPFRQQHFWLQJSDWKVZLWKRXWWKHSUHVHQFHRIORZWKHUPDOFRQGXFWLQJPDWUL[PDWHULDOEHWZHHQWKHP7KHYROXPH
IUDFWLRQ DW ZKLFK VXGGHQ ULVH LQ WKHUPDO FRQGXFWLYLW\ LV REVHUYHG LV FDOOHG SHUFRODWLRQ WKUHVKROG +HUH IRU
$O2HSR[\ FRPSRVLWH SHUFRODWLRQ WKUHVKROG RFFXUV DIWHU  YRO ,W LV IXUWKHU VHHQ IURP )LJ  WKDW WKH
H[SHULPHQWDOO\ PHDVXUHG YDOXHV DUH VPDOOHU WKDQ WKH YDOXH REWDLQHG IURP SURSRVHG PRGHO XS WR SHUFRODWLRQ
WKUHVKROG DV VRPH DFWXDO IDFWRU DUH QRW FRQVLGHUHG ZKLOH GHULYLQJ WKH PDWKHPDWLFDO PRGHO VXFK DV WKHUPDO
UHVLVWDQFH EHWZHHQ PDWUL[ DQG ILOOHU PDWHULDO DLU YRLGV SUHVHQW LPSXULWLHV HWF 7DEOH  SUHVHQWV WKH FRPSDULVRQ




REVHUYHG WKDW7J RIHSR[\ LV  Ƞ&DQG LW LVJUDGXDOO\ LQFUHDVHV WR Ƞ&ZKHQYRORIPLFUR VL]H$O2 LV
UHLQIRUFHGLQHSR[\
)LJ9DULDWLRQRIJODVVWUDQVLWLRQWHPSHUDWXUHDQG&7(ZLWKYROXPHIUDFWLRQRI$O2 ILOOHUV
7KH JODVV WUDQVLWLRQ WHPSHUDWXUH RI WKH SRO\PHUPDWUL[ GHSHQGV RQ WKH IUHH YROXPH RI WKH SRO\PHU ZKLFK LV
UHODWHGWRWKHDIILQLW\EHWZHHQWKHILOOHUDQGWKHSRO\PHUPDWUL[>:XHWDO@$VWKH$O2 LVUHLQIRUFHGLQWRWKH
HSR[\ D QHWZRUN VWUXFWXUH LV IRUPHG EHWZHHQ WKHP DQG EHFDXVH RI WKLV QHWZRUN VWUXFWXUH WKH PRYHPHQW RI
PROHFXODUVHJPHQWLVOLPLWHGLQWKHHSR[\DQGKHQFHWKHJODVVWUDQVLWLRQWHPSHUDWXUHLQFUHDVHV>6XQHWDO@,W
FDQDOVREHVHHQIURPWKHJUDSKWKDW&7(RIWKHFRPSRVLWHGHFUHDVHVZLWKLQFUHDVHLQILOOHUFRQWHQWIRUDOOIDEULFDWHG
VDPSOHV7KHGHFUHDVH LQ WKH&7(YDOXHRI WKHHSR[\ZLWKDGGLWLRQRISUHVHQW ILOOHU LVREYLRXVDV$O2 KDV ORZ
&7(YDOXH  î Ƞ&DVFRPSDUHG WRHSR[\  î Ƞ&:LWK WKHDGGLWLRQRIYRORI ILOOHU&7(RI
HSR[\GHFUHDVHVWR î Ƞ&ZKLFKLVDURXQGGHFUHPHQW
 'LHOHFWULFFRQVWDQW
$SDUDPHWHU WKDW GHVFULEHV WKH SRODUL]DWLRQ GHJUHH RI WKHPDWHULDO DQG LV SURSRUWLRQDO WR WKHPDWHULDO¶V GLSROH






































,Q WKLVDUWLFOHGLIIHUHQW WKHUPDODQGGLHOHFWULFSURSHUWLHVRI$O2HSR[\FRPSRVLWHVDUH UHSRUWHGDV IXQFWLRQRI
ILOOHU FRQWHQW EHWZHHQ  DQG  YRO(IIHFWLYH WKHUPDO FRQGXFWLYLWLHV RI WKH IDEULFDWHG FRPSRVLWH DUHPHDVXUHG
H[SHULPHQWDOO\DQGDUH IRXQG WKDW WKHPHDVXUHGSRLQWV ILWZHOOXS WRSHUFRODWLRQ WKUHVKROGZLWK WKHPDWKHPDWLFDO
PRGHOSURSRVHGE\WKHDXWKRUVLQWKHLUHDUOLHUZRUN ,QFRUSRUDWLRQRIYRORI$O2 SDUWLFOHHQKDQFHVWKHUPDO
FRQGXFWLYLW\RIHSR[\E\WLPHV70$DQDO\VLVVKRZVWKHVWURQJGHSHQGHQFHRIILOOHUFRQWHQWLQWKHYDOXHRI7J
DQG&7(RIFRPSRVLWH)RUPD[LPXP ILOOHU ORDGLQJ7J LQFUHDVHV IURP R& WRR&ZKHUHDV WKH&7(UHGXFHV
IURPî R& WR î R&7KHGLHOHFWULFSURSHUWLHVRIWKHFRPSRVLWHVLQDZLGHUDQJHRIIUHTXHQF\IURP
N+]WR0+]DUHVWXGLHGDVZHOO,WLVIRXQGWKDWGLHOHFWULFFRQVWDQWLQFUHDVHVZLWKLQFUHDVHLQ$O2 FRQWHQWDQG
GHFUHDVHVZLWKLQFUHDVHLQIUHTXHQF\7KHPD[LPXPYDOXHRIGLHOHFWULFFRQVWDQWUHDFKHVWRIRUPD[LPXPILOOHU









+RQJ -3<RRQ6:+ZDQJ72K -6+RQJ6&/HH<1DP -'  +LJK WKHUPDO FRQGXFWLYLW\ HSR[\ FRPSRVLWHVZLWK
ELPRGDOGLVWULEXWLRQRIDOXPLQLXPQLWULGHDQGZLWKERURQQLWULGH ¿OOHUV7KHUPRFKLPLFD$FWD
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